The processes which are involved in the development of the normal outflow tracts of the ventricles are the following: The ostium bulbar torsion accounts for the concordant flow between the ventricles and the proximal conuses. The leftward shift of the ostium bulbi accounts for the partial overriding of the aorta over the left ventricle. The truncal rotation accounts for the twisted relationships of the great vessels and for the definitive interrelationships of the semilunar valves. The aortic conus absorption accounts for the aorticomitral fibrous continuity. These processes are not necessarily linked to each other. In the normal, mature heart the conus is represented by the subpulmonary portion of the right ventricular outflow tract.
I N THE CURRENT literature the term conus (infundibulum) has three different connotations. The first is exclusively embryologic, and it applies to a clearly definable structure in the human embryonic heart. ' The second connotation is anatomic, and it is used by some to describe the subpulmonary portion of the right ventricle,24 while others use it to connote the entire outflow tract of the right cardiac chamber.5' 6 The third connotation denotes those outflow portions of the ventricles of the normal, as well as of the malformed heart, which are believed to be derived from the embryonic conus.7 Accordingly, then, the conus is elevated to a similar "status" as the other cardiac chambers, being recognized as a definitive segment of the heart, with its own embryology, anatomy, and pathology.
The discrepancy in the literature about the meaning of the term conus evolves from the fact that comparison between snapshots of embryonic patterns at various age groups with definitive normal and malformed patterns of the conuses reveals no apparent similarities to indicate any developmental relationship. Still, use of different terminologies for the changing patterns of the same developmental structure makes as much sense as the use of different names for the left ventricle of the embryo, of the definitive normal, or of the definitive malformed heart.
In order to better understand the polymorphic nature of the conus we recently restudied its normal embryology with particular emphasis on its morphologic dynamics, i.e. the succession of patterns from one age group to another and to its eventual fate in the normal definitive heart. During that study a number of critical conal developments, some of which are not recognized in the literature in English, were elucidated and are to be described in this report.
Material and Methods
The study of 9 The right ventricle is the trabeculated territory involving only the right wall of the metaampula, or ascending limb ( figs. 2, 3) . The left wall of that segment remains smooth, being part of the primary heart tube.'0 During horizon XIV the A-V canal, which initially drained into the proampula, expands toward the right, and by doing so it comes to override the dorsal aspect of the interventricular foramen (IVF) (fig. 3) . As a result, the A-V canal gains an access to the right ventricle, and it also becomes continuous with the conotruncus.
Conotruncus and Ostium Bulbi
The metaampula is continuous distally with the conus. The border between these two segments is the ostium bulbi, or the conoventricular junction. On the right the ostium bulbi is the transition from the trabeculated ventricular endocardium to the smooth conal endocardium. On Drawings of a cavity model of a heart tube in horizon XI. The heart tube is convoluted in such a tvay that it forms five straight segments (limbs), and in-between them, four curves or bends. The proximal segment of the heart tube (starting at the venous end) is the A-V canal. It is oriented posteroanteriorly. Next comes the first curve or proximal bend. In this curve, the heart tube makes a 900 turn toward the right to become the proximal transverse limb, or the interventricular foramen. In curve 2 the heart tube makes a 90°turn cephalically to become the ascending limb, and in curve 3 the heart tube turns in 900 medially to form the distal transverse limb. In curve 4 the heart tube turns in 900 toward the back of the embryo to form the terminal limb, which is cephalad and parallel to the A-V canal. The conotruncal ridges may be looked upon as the lines of fusion of the two walls of the conotruncus. These two walls are the parietal walls of the aortico and pulmonary truncoconuses.
Most of the conoventricular flange is part of the aortico conus, while the right wall of the proximal conus is part of the pulmonary pathway. Distally, the aortico truncus is on the right, whereas the pulmonary truncus is on the left (fig. 5B) Photomicrographs of human embryonic hearts of the Carnegie collection. Left bounded by the sinus septum, conoventricular flange, and the A-V cushions. In IVF3 the conus septum replaces the leftward-shifted conoventricular flange.8) After closure of the IVF (formation of septum membranaceum) muscular elements arising from the right ventricle invade the conus septum. This invasion is most conspicuous in the region of conus ridge 3.9,15 Once the conus septum is muscularized it receives the anatomic appearance of the crista supraventricularis. Once the shortening of the cornus has been completed, the aortico and pulmonary trunci receive their final shapes as semilunar valves. The endocardial cushions (or ridges) which fill the aortic and pulmonary trunci hollow out on their conotruncus is long and the arterial trunk short (see fig. 7 for measurements) . In e the length proportions are reversed. The truncal rotation is shown in the right column. The truncal septum (TS) which is vertical "b" is horizontal in f. Truncus ridge 4 (TR4) is another indicator for the truncal rotation. AS = atrial septum; ATAJ = aorticotruncal aortic sac junction; CVJ = conoventricular junction; DC = dorsal A-V cushion; PC = pulmonary conus; PR = pericardial reflection; SM = septum membranaceum; TR = truncal ridge; TS = truncal septum; VC = ventral A-V cushion. (fig. 5 ). The truncal torsion simply follows in a manner similar to the previous proximal torsion, bringing the semilunar valves to the same sides as their proximal conuses and unwinding the spiral course of the conotruncal ridges. In addition, as a result of the rotation of the truncus, the aorta spirals around the pulmonary artery to a position found in the definitive heart. We were unable to find evidence for the commonly accepted concept that the septum aortopulmonale twists as it grows toward the conus septum. 3' 14, 20 While Keith17 and Lev5 linked the truncal rotation to the shrinking of the aortic conus, Van Praagh assumed that inversion of the conotruncus was due to the growth of a subpulmonary conus.19 As shown here, however, (figs. 6, 7) half of the truncal torsion is completed before any change of the conus length is apparent, and the inversion of the proximal conus occurs before there is any evidence of the existence of the conotruncal ridges.
The borders of the anatomic conus also need some clarification. While in the embryo the border between the conus and the Circulation, Volume XLVI, August 1972 ventricle stands out, this is not the case in the definitive heart. As observed by Tandler15 and Asami9 once the conus septum has been formed it is invaded by muscular elements which grow from the right ventricle. The conus septum receives, thus, the shape of the crista supraventricularis (or the definitive conus septum), and it becomes anatomically indistinguishable from the muscular right ventricle.
Comparison between embryonic and definitive hearts indicate that the conus, or infundibulum, in the mature heart includes only the subpulmonic territory24 ( fig. 1) .
The more common concept in the American literature, however, is different. According to Lev5 and Grant6 the conus, or infundibulum, includes the septal band, the moderator band, and the parietal band. Lev, who introduced this concept to the American literature,5 adopted it from Keith.17 Neither Keith nor Spitzer, however, mentions the embryologic basis on which they selected these anatomic landmarks.2' More recently Lev (Unpublished observations) wrote: "Embryologically the term conus is used synonymously with the term bulbus by most people. This constitutes only part of the outflow tract of the right (and also the left) ventricles. This, as pointed out by Van Mierop and others lies beneath the pulmonary trunk. We must not confuse the anatomic term conus with the embryologic." The thesis of this work, however, is that there is only one conus which, in the normal heart, constitutes the small subpulmonary region of the outflow tracts of the ventricles, and as any other organ it has its own embryology and pathology.
